Objective: To investigate if administration of CNI-1493, an inhibitor of the synthesis of proinflammatory cytokines and NO, protects against development of joint destruction in collagen induced arthritis (CIA) in rats. Methods: In a placebo controlled experiment, CNI-1493 was given once daily intraperitoneally after onset of clinical arthritis in DA rats. Disease progression was studied by clinical scoring of arthritis, serial measurement of serum levels of COMP, and histological examination of joints. Results: Clinical signs of arthritis were significantly reduced in the CNI-1493 treated group of rats in comparison with the placebo treated group. Histological examinations of paws demonstrated a significant reduction of cartilage destruction in the CNI-1493 treated group, but marked destruction of cartilage in the placebo group. Serum levels of COMP increased in the placebo group, whereas in the CNI-1493 treated group levels were low and decreased significantly during the observation time. Conclusions: Treatment with CNI-1493 provides efficient protection against synovial inflammation and cartilage destruction when used therapeutically in CIA. The protective effect against cartilage destruction can be monitored by measuring serum COMP. These observations make CNI-1493 an attractive candidate for therapeutic studies in human arthritis, and COMP an attractive serum marker for monitoring joint protective effects. D estruction of the joints is one of the most serious consequences of rheumatoid arthritis (RA). Despite recent progress in treatment, new drugs which can efficiently inhibit joint inflammation and destruction are needed. As inflammation and destruction are not always parallel processes, there is also a need for diagnostic tools, which can be used to evaluate the effects of new drugs, particularly on joint destruction.
CNI-1493 is a tetravalent guanylhydrazone, which was originally developed to inhibit cytokine inducible NO production, 1 but it also inhibits the production of proinflammatory cytokines such as tumour necrosis factor (TNF), interleukin (IL) 1a and b, IL6, and macrophage inhibitory protein-1.
2 Administration of CNI-1493 to rats with collagen induced arthritis (CIA) has previously been shown to retard development of clinical signs of arthritis, 3 but the effects of CNI-1493 on cartilage or bone destruction were not investigated. A recent report, demonstrating effects of CNI-1493 on inflammatory bowel disease, 4 has renewed interest in this drug also for chronic arthritis.
We investigated the effects of CNI-1493 on the development of joint destruction in CIA. Changes in serum cartilage oligomeric matrix protein (COMP) levels as a marker of cartilage turnover 5 and joint histology were used to measure how CNI-1493 influences the development of cartilage destruction.
MATERIALS AND METHODS

Animals
Female DA rats aged 3.5-4 months at the start of the experiments were used. The ethical board for animal experiment in Stockholm-North approved this study.
Induction and clinical monitoring of CIA Collagen II was prepared from rat chondrosarcoma as previously described. 6 7 The collagen was dissolved in 0.1 M acetic acid and emulsified 1:1 with Freund's incomplete adjuvant (Difco, Detroit, MI, USA). Collagen II (150 mg) in 200 ml emulsion was injected intradermally once at the base of the tail at day 0.
Each paw was scored as follows: 0 = no arthritis; 1 = swelling in one type of joint; 2 = swelling in two types of joint; 3 = swelling in three types of joint; and 4 = swelling of the entire paw. A total score for an animal was calculated by summing the scores for the four paws, resulting in a maximal score of 16. 8 The scoring was made by two blinded observers. The rats were scored daily and the first sign of arthritis was noticed at day 13 after immunisation.
Blood samples were taken by retro-orbital puncture before immunisation and at days 14, 21, 23, and26 after immunisation. The rats were killed at day 26 after immunisation. Treatment CNI-1493 was given in a dosage described to be efficient in affecting joint inflammation, 3 -that is, 5 mg/kg/day intraperitoneally, to 15 animals. Fifteen control animals received NaCl. Treatments were initiated when the joint score was .1. CNI-1493 was obtained from K J Tracey, Picower Institute for Medical Research, Manhasset, NY, USA.
Immunoassay of COMP Serum concentrations of COMP were determined by enzyme linked immunosorbent assay (ELISA), using rat COMP for coating of microtitre plates and for the standard curve included in each plate together with a polyclonal antiserum raised against rat COMP. 
Histological examinations
Paws from rats were fixed in 4% phosphate buffered formaldehyde. Subsequently the specimens were decalcified with 14% ethylenediaminetetra-acetic acid (EDTA) in 0.36 M Abbreviations: CIA, collagen induced arthritis; COMP, cartilage oligomeric matrix protein; IL, interleukin; RA, rheumatoid arthritis, TNF, tumour necrosis factor NaOH, dehydrated, and embedded in paraffin blocks. Sections (8 mm thick) were cut, mounted on slides, and stained with haematoxylin and eosin. 8 The slides were examined with a Reichart-Jung Polyvar 2 light microscope.
The histological grading is a modified version of a system adopted from Joosten et al. 10 For each animal both hind paws were examined. Cell infiltration in synovial fluid was graded on a scale from 0 to 3 as follows: 0 = no inflammatory cells in the joint cavity; 1 = presence of a few inflammatory cells in the joint cavity; 2 = joint cavity partly filled with inflammatory cells; and 3 = joint cavity totally filled with inflammatory cells. Synovitis was graded from 0 to 3 as follows: 0 = healthy, uninflamed appearance of synovia; 1 = mild thickening of synovia; 2 = substantial thickening of synovia; and 3 = severe thickening of synovia. Destruction of cartilage was graded from 0 to 3 as follows: 0 = normal histology; 1 = minor destruction on the cartilage surface; 2 = clear loss of cartilage; and 3 = cartilage almost absent in a whole joint. Bone involvement was graded from 0 to 3 as follows: 0 = normal histology; 1 = minor signs of destruction; 2 = up to 30% destruction; and 3 = more than 30% destruction.
Two observers performed all histological evaluations in a blinded manner. The presented data are the mean values of the observations.
Statistical analysis
Wilcoxon's matched pairs test (two tailed) was used for comparing concentrations of COMP and clinical arthritis scores at different times. The Mann-Whitney U-test was used for comparing differences between groups. A p value ,0.05 was considered significant. Only animals developing disease were included in the calculations. Figure 1 presents the arthritis scores. Ninety per cent (27/30) of the animals exhibited clinical signs of arthritis. The onset of disease occurred between days 13 and 21 after immunisation. Table 1 shows the histology results obtained. At day 23 after immunisation five animals in each group were killed for histological examination and the remaining animals were killed at day 26 after immunisation.
RESULTS
Development of disease
Histology
Serum concentrations of COMP
The COMP levels increased after arthritis onset in the placebo treated group but remained low in the CNI-1493 treated group. The levels of COMP were significantly higher in the placebo group at days 23 and 26 after immunisation compared with the CNI-1493 treated group (fig 2) , and the levels of COMP decreased significantly over time in the CNI-1493 group (p,0.05 at day 26 after immunisation) Toxicity Placebo treated rats lost more weight than CNI-1493 treated rats (data not shown), and no severe side effects were noticed in the CNI-1493 treated group
DISCUSSION
We have shown that treatment with CNI-1493 prevents development of cartilage destruction in rats with CIA. The destruction of cartilage is followed by an increase in serum levels of COMP, and the preventive effects of CNI-1493 on cartilage destruction are accompanied by decreasing serum Figure 1 Disease scores. The maximum score in the arthritic model is 16 points. From day 19 the placebo group has a significantly higher score than the CNI-1493 treated group (except at day 23). CNI-1493 at days 14-22, n = 13; at days 22-23, n = 12; at days 24-26, n = 7. Placebo at days 14-23, n = 14; at days 24-26, n = 9. All values are medians (interquartile range). *p,0.05 CNI group v placebo group. Placebo Figure 2 Serum levels of COMP. CNI-1493 at day 14, n = 13; at day 23, n = 5; and at day 26, n = 7. Placebo at day 14, n = 14; at day 23, n = 5; and at day 26, n = 9. All values are medians (interquartile range). *p,0.05 CNI group v placebo group.
COMP levels, indicating that serum COMP provides an efficient and rapid way of monitoring cartilage protective effects of CNI-1493. The correlation between cartilage destruction, as identified by histology, and increased serum levels of COMP has been demonstrated previously 5 ; the current results confirm and extend these previous observations. Furthermore, this work and a previous study, 11 indicate that measurement of serum COMP might be of value for determining the effects of drugs on cartilage destruction also in short term studies in RA.
The exact actions of the drug are not fully understood. It may modify local inflammation by affecting production of several proinflammatory molecules, such as TNF, IL1b, IL6, and other inflammatory mediators of macrophage origin, by interfering with the p38 MAPK pathway. 2 12 CNI-1493 may, however, also exert anti-inflammatory effects by stimulating parasympathetic actions of the vagus nerve and thereby prevent inflammation by a previously unrecognised pathway. 13 It cannot be concluded from previous studies whether CNI-1493 can prevent joint destruction. Our study demonstrates that CNI-1493 does indeed both prevent joint inflammation and joint destruction when instituted after onset of disease, which is encouraging for potential future trials in human RA. Such studies may be warranted as the drug has recently been demonstrated to have positive effects in Crohn's disease. 4 The existing similarities in cytokine expression and in treatment results between RA and Crohn's disease 14 suggest that CNI-1493 might be effective in RA and therefore warrants a clinical trial in RA.
